ABSTRACT. Sow lifetime performance and by-parity performance were analyzed using a 3 by 3 factorial design, comprising 3 herd productivity groups and 3 sow efficiency groups. Data was obtained from 101 Japanese herds, totaling 173,526 parity records of 34,929 sows, for the years 2001 to 2006. Sows were categorized into 3 groups based on the lower and upper 25th percentiles of the annualized lifetime pigs born alive: low lifetime efficiency sows (LE sows), intermediate lifetime efficiency sows or high lifetime efficiency sows. Herds were grouped on the basis of the upper and lower 25th percentiles of pigs weaned per mated female per year, averaged over 6 years: high-, intermediate-or low-performing herds. Mixed-effects models were used for comparisons. LE sows in high-performing herds had 57.8 fewer lifetime nonproductive days and 0.5 earlier parity at removal than those in low-performing herds (P<0.05). The number of pigs born alive of LE sows continuously decreased from parity 1 to 5, whereas those of high lifetime efficiency sows gradually increased from parity 1 to 4 before decreasing up to parity  6 (P<0.05). In conclusion, the LE sows have a performance pattern of decreasing number of pigs born alive across parity. The present study also indicates that high-performing herds culled potential LE sows earlier than the other herds.
Improving lifetime productivity of sows is critical for producers and veterinarians to achieve high herd productivity over an extended period [8] . However, many commercial herds contain subpopulations of sows with suboptimal reproductive performance [14] . For example, a recent study of 92 herds in Japan showed that up to 84.2% of sows in the herds were culled before parity 5, due mainly to reproductive failure [11] . Early culling of sows will result in low lifetime efficiency sows (LE sows). Normally LE sows are identified retrospectively using annualized lifetime pigs born alive (annualized lifetime PBA) [11] . In order to improve herd productivity it is necessary to investigate characteristics of possible LE sows in earlier parities and improve management of those sows. The characteristics or profiles of LE sows across parity can be determined by comparing reproductive performance between the LE sows and intermediate lifetime efficiency sows (IE sows) or high lifetime efficiency sows (HE sows).
Previous studies have shown that high-performing herds based on pigs weaned per mated female per year, have better mating and culling management of sows than ordinary herds [7, 14] . Therefore, performance measurements of high-performing herds could also be used as feasible targets for producers and veterinarians [6] . In order to clarify how differences in herd management affect sow lifetime efficiency, there are needs to be a direct comparison between high-, intermediate-and low-performing herds for sow efficiency groups (LE, IE and HE sows). However, no such study of reproductive performance has been conducted on LE, IE or HE sows across high-, intermediate-and low-performing herds. Thus, the objective of the present study was to characterize lifetime performance and reproductive profiles of LE sows across parity, using a three by three factorial arrangement study design with the main effects being the herd and sow groups.
MATERIALS AND METHODS

Data:
Producers of approximately 120 herds in Japan that use PigCHAMP recording software (PigCHAMP Inc., Ames, IA, U.S.A.) were requested to mail their data files to Meiji University when they purchased new software or renewed their yearly maintenance contract. This database comprised 1.9% of the 6,560 breeding herds, and approximately 4% of the 915,000 female pigs in Japan in February, 2007 [9] . The female pigs in the studied herds were mainly crossbreds between Landrace and Large White purchased from national breeding companies, or crossbreds from international breeding companies. Both natural mating and artificial insemination were practiced in the herds. Approximately 90% of the study herds were practicing a fostering technique with nurse sows (unpublished data). By 31 August 2007 we had received data from 116 herds, from which 15 were excluded from the present study for the following reasons: Twelve had no records of birth date, 1 had inaccurate data on birth dates and 2 produced only purebred pigs. Mean herd measurements were collected for the remaining 101 herds for a 6 There were 194,985 parity records of 36,255 sows containing records of parity at removal and pigs born at farrowing. There were no birth date records for 1,326 of these sows, so they were excluded from the present study. In addition, sows with weaning-to-1st-mating interval (WMI)  115 days (71 parity records) were omitted as extremes [3] , and sows with no weaned pigs (51 parity records) were also omitted when by-parity reproductive performance was analyzed. A percentage (mean  SEM) of excluded sow records of the collected 101 herd data was 3.7  0.10%. Hence, 34,929 lifetime records and 173,526 parity records were used for further analysis.
Definitions of production measurements: Lifetime efficiency was measured by annualized lifetime PBA, defined as lifetime PBA divided by the sow lifetime days multiplied by 365 days [11] . Sow herd-life days were the number of days between the date of a gilt's 1st mating and its removal date. Lifetime nonproductive days (NPD) were defined as the total number of days that sows were neither gestating nor lactating in their herd-life. The herd-life days were used for the lifetime NPD calculation, because entry age of gilts varied among herds. Farrowing rate in each parity was estimated as the number of sows that farrowed divided by the number of the 1st serviced sows multiplied by 100.
Category: Sows were categorized into 3 groups based on the lower and upper 25th percentiles of annualized lifetime PBA: LE sows (< 13.0 pigs), IE sows (13.0 to 21.8 pigs) and HE sows (> 21.8 pigs). Herd productivity was measured as pigs weaned per mated female per year, averaged over 6 years. Three herd groups were formed on the basis of the upper and lower 25th percentiles of pigs weaned per mated female per year, averaged over 6 years: high-performing herds (23.4 to 25.1 pigs), intermediate-performing herds (20.0 to 23.3 pigs) and low-performing herds (16.4 to 19.9 pigs). Records for parity  6 were categorized into parity 6.
Statistical analysis: All statistical analyses were performed by SAS (SAS Inst. Inc., Cary, NC). A Chi-squared test was used to examine the difference between the relative frequencies of the 3 sow groups by 3 herd groups. A linear mixed-effects model using the MIXED procedure with a Tukey-Kramer multiple comparisons test was applied for continuous data such as lifetime performance, number of pigs born alive (PBA) and WMI. A mixed-effects logistic regression model using the GLIMMIX procedure with contrasts was also used for binomial variables, such as whether or not a sow farrowed at 1st service (farrowing rate; 1 or 0).
The present study used two Models. Model 1 was constructed to compare lifetime measurements by sow groups and herd groups. As a dependent variable, lifetime NPD, lifetime PBA, sow herd-life days or parity at removal was examined. The independent variables were sow groups, herd groups and the 2-way interaction. The herd was included as a random intercept in order to adjust for the variance component representing the effect of herd [13] . In addition, entry year within the herd was also included as a random intercept. Model 2 was built to compare by-parity measurements by sow groups, herd groups and parity groups. The dependent variable was PBA, number of weaned pigs, WMI or farrowing rate. The independent variables were sow groups, herd groups and parity groups. The three 2-way interactions between the independent variables, and the 3-way interaction were also included in the Model 2. The herd and the interaction between farrowing year and farrowing period in a year within the herds (a year divided into three 4 month farrowing periods; 1 = January to April, 2 = May to August and 3 = September to December) were used as the random intercept in Model 2. The 3 periods based on the 4 month farrowing intervals in the year was used to account for a part of the correlations of data within a sow in the models.
RESULTS
In the 101 studied herds, the proportion of LE sows (mean  SEM) was 25.0  0.95%, ranging from 9.9 to 50.0%. The relative frequencies (%) of LE, IE and HE sows differed between the herd groups (P<0.05), with 19.2, 24.7 and 35.7% LE sows respectively in the high-, intermediateand low-performing herds (Table 1 ). In the high-performing herds, relative frequencies of LE sows were lower than those in the intermediate-and low-performing herds, but higher for HE sows.
Annualized lifetime PBA (mean  SEM) in LE, IE and HE sows were 8.6  0.03, 17.8  0.02 and 24.4  0.02 pigs, respectively. There was a 2-way interaction between the sow groups and the herd groups for all of the 4 lifetime reproductive measurements (P<0.05). LE sows in high-performing herd had 57.8 fewer lifetime NPD than those in low-performing herds (73.5 vs. 131.3 days; P<0.05), whereas HE sows in high-performing herds had 27.1 fewer lifetime NPD than those in low-performing herds (62.5 vs. 89.6 days; P<0.05; Table 2 ). Additionally, the LE sows in high-performing herds had 4.0 pigs fewer lifetime PBA than those in low-performing herds (13.7 vs. 17.7 pigs), but had 129.5 shorter herd-life days (306.5 vs. 436.0 days) and 0.5 earlier parity at removal (1.7 vs. 2.2; P<0.05).
The three main effects, namely sow, herd and parity groups, were associated with PBA, number of weaned pigs, WMI and farrowing rate (P<0.05). In addition to the main effects, there was a 2-way interaction between sow and par- ity groups for PBA, number of weaned pigs, WMI and farrowing rate (P<0.05). The PBA of LE sows continuously decreased from parity 1 to 5, whereas those of high lifetime efficiency sows gradually increased from parity 1 to 4 before decreasing up to parity > 6 (P<0.05; Table 3 ). The number of weaned pigs was consistently lower in LE sows than in the other sow groups (P<0.05). Also, LE sows in parity 1, 2, 3 and 5 had the longest WMI of the sow groups (P<0.05), and in LE sows the lowest farrowing rate was in parity 2 to 5, whereas in HE sows the lowest farrowing rate was in parity > 6 (P<0.05). There was a 3-way interaction between sow groups, herd groups and parity groups for PBA, number of weaned pigs and farrowing rate (P<0.05). In each of the herd groups the highest PBA for LE sows was in parity 1 (P<0.05; Table 4 ). In parity 1, 4, 5 and > 6, PBA for LE sows was similar across the 3 herd groups (P>0.05). In contrast, the numbers of weaned pigs from LE sows in high-performing herds was 1.2 (8.7 vs. 7.5 pigs in parity 1) to 2.1 pigs (8.3 vs. 6.2 pigs in parity > 6) higher than those in low-performing herds, from parity 1 to > 6 (P<0.05). However, in parity 1 and 2, LE sows in high-performing herds had lower farrowing rate than those in low-performing herds (P<0.05).
DISCUSSION
Potential LE sows are characterized by prolonged WMI, low farrowing rate and low PBA in early parity. In addition, the LE sows in all herd groups had a pattern of decreasing PBA across parity. Sows with prolonged WMI (e.g., 7-20 days) have often been reported to have short estrus duration and suboptimal insemination timing, and so consequently have a low farrowing rate and low PBA [1, 3, 4] . Additionally, parity 1 sows with prolonged WMI had lower lifetime piglet production and shorter productive life than those with short WMI [16] . Our results, and those of the previous studies, indicate that the potential LE sows in low parity (i.e., parity 1 or 2) should be treated differently from IE or HE sows in order to improve LE sow performance. Additionally, the potential LE sows might have a problem such as ovarian cysts, silent heat, or chronic diseases [2] .
The present study suggests that the management practice for LE sows in high-performing herds was different from those in intermediate-or low-performing herds. For example, even though LE sows in high-performing herds did not have higher reproductive performance than those in intermediate-or low-performing herds they did have higher numbers of pigs weaned across parity. This difference indi- cates that high-performing herds were more active in letting potential LE sows foster extra piglets from HE sows than low-performing herds. This management practice of letting potential LE sows foster some extra piglets from sows having high PBA (e.g., > 11 pigs) can minimize variation in litter size and weaning weight within litters, and improve preweaning survival of piglets [10, 15] . Sow performance can also be improved by following strict culling guidelines about when to cull sows after they fail to conceive twice, because this will control infertility and anestrous-associated NPD [5] . In our study the fewer lifetime NPD and lower lifetime PBA in the LE and HE sows in high-performing herds than low-performing herds can be explained by strict culling guidelines in high-performing herds. These guidelines appeared to be related to the earlier parity at removal and shorter herd-life days of all the sow groups in high-performing herds compared with those in the low-performing herds. A previous study also showed that sows that failed to conceive were culled earlier in high-performing herds than in ordinary herds [12] . It is important for producers to cull potential LE sows early in order to decrease sow NPD and increase herd productivity. Such early culling of potential LE sows in the high-performing herds meant that they had a lower proportion of LE sows than the low-performing herds.
We recommend paying extra attention at parity 1 or 2 sows, and changing mating management for those sows with low reproductive performance in order to increase lifetime efficiency of potential LE sows. We also recommend changing lactation practices and implementing strict culling guidelines for some potential LE sows in order to increase herd productivity in commercial herds. Finally, it is noteworthy that this study is not a controlled experiment, but an observational study performed using commercial herds. Herd health, genetics and nutrition were not taken into account in the analyses.
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